Abstract
To support sustainability in mathematics and science educational reform in the United States, the National Council of Teachers of Mathematics (2000) and the National Science Teachers Association (National Research Council, 1996) recommend making their respective disciplines meaningful to students by helping them recognize connections to the real world. Both organizations stress the need for inquiry-based learning approaches and emphasize integrating content across the curriculum (American Association for the Advancement of Science, 1990) . Implementing such integrated approaches in mathematics, science and technology will require curriculum that supports teachers as they work toward instruction that is interdisciplinary and that empowers students for lifelong learning as envisioned by international organizations (UNESCO, 2005) . Such curriculum needs to consider contextual factors that influence teachersí beliefs and, consequently, their instructional practices (Grabovska, 2006; Pipere, 2006) . Such factors include school culture, parental expectations, teacher expectations, and student demographics.
Many of todayís students have grown up using sophisticated technologies. Teachers, parents and administrators readily see evidence of the motivation factor inherent in the use of technology to enhance learning school science and mathematics (Adams, Brower, Hill & Marshall, 2000; Park, OíBrien, Eraso & McClintock, 2002) . Because children learn best when academics are contextualized in meaningful experiences, teachers are encouraged to integrate technology use into the classroom, not only for the teaching of mathematics and science but also to help students develop socially and intellectually (Bers, New & Boudreau, 2004; Murray & Bartelmay, 2005) . Guerrero, Walker, and Dugdale (2004) concluded that appropriate technology use in middle grades mathematics can have positive effects on studentsí attitudes toward learning, confidence in their abilities to do mathematics, engagement with the subject matter, and conceptual understanding. As such, the use of technology contributes to student learning. Robotics, the example of technology examined in this study, has the potential to facilitate education for sustainable development by serving as a force for interdisciplinary connections between mathematics and science.
Because interdisciplinary education is an aspect of education for sustainable development (UNESCO, 2005) , teachers need to learn to implement technology in the classroom in ways that cross traditional discipline boundaries. Therefore, the focus in this paper is on instructional practice and curriculum oriented toward this aspect of education for sustainable development.
Much has been documented about the difficulties teachers face in implementing new materials, particularly technology (Bright & Prokosch, 1995) . Rochowicz (1996) determined that instructors are slow to utilize new technologies in their classrooms because they perceive that implementation requires too much time and effort. In order to ensure technology utilization, there is a need for appropriate curriculum that supports the use of technology. In addition, if technology is to be used for interdisciplinary instruction, particularly associated with mathematics and science, appropriate curriculum materials to support such interdisciplinary instruction need to be available. Concerns related to the economic sustainability of such technology also need to be considered. Pipere (2006) infers that the core idea of education for sustainable development (ESD) ìis SELF actively engaged in this world and living out its unique experience in relationship with the environmentî (p. 46). Thus, teachers and their students need to be actively engaged with the technology and how the technology interacts with their specific classroom environment. Both also need to consider how technology facilitates collaboration and encourages students to engage in teamwork.
In recent years, educational technology has included robotics to stimulate student learning of mathematics and science concepts and skills in situations that reflect the occupational workplace of scientists and engineers (Cutshall, 2003; Davis, 2006) . Robots provide a context for teaching students about concepts important to technological literacy as well as mathematics and science concepts (Clark, 2002) and their use can produce high levels of motivation (Geissler, Knott, Vazquez & Wright, 2004; Reese et al., 2005) . In case studies of three Grade 8 science teachers, Robinson (2005) found that robotics can promote inquiry and make learning more interesting than typical text-based instruction. Intriguing instruction that motivates students is often a critical component of empowering students for academic learning.
Overview of the robotic equipment
This study focuses on teachersí use of a specific technology, robotic arms, in mathematics instruction. The robotic arms were either operated through computer commands that put the robotic arm through a series of movements (Figure 1 ) or controlled by using joysticks (Figure 2 ). The robotic arms have rotational up/down movement at a shoulder, up/down movement at an elbow, and rotational movement at a wrist. In addition, a hand can be opened or closed to pick up/put down objects. Control of the robotic arm requires three commands: direction, magnitude of movement in centimeters, and degrees of rotation. Users learn to manipulate the arm with programming commands, as well as through completion of measurement and estimation activities. Methodology: An intrinsic case study
The case study described in this article was initiated in late November and continued through the remainder of the school year. We describe the classroom environment, the use of the technology, challenges of implementation, and teachersí perceptions as two teachers at one school attempted to integrate the robotic arm into their mathematics and science curriculum. We also consider issues related to the use of robotic technology to integrate mathematics and science as a way to support ESD.
Design of the study Stake (1994) describes ìintrinsic case studiesî as those that arise from an ìintrinsic interest in [a] particular child, clinic, conference, or curriculumî (p. 237). For instance, our inherent and pre-existing interest in the integration of technology into mathematics and science teaching motivated the case study presented in this paper. The case is bounded (Miles & Huberman, 1994: 25; Stake, 1994: 244) by our focus on one schoolís implementation of a novel robotics technology, and further narrowed through the participation of one female mathematics teacher and one male science teacher, along with the 27 eighth-grade students they shared. Both teachers were in their late 30s and both had been teaching for over a decade in urban schools. The two teachers helped us unearth information and perspectives that illustrate important issues to consider in any professional development endeavor and particularly when introducing novel technology.
Data collection
Because we were interested in teachersí perceptions related to the robotic equipment, data collection consisted of teacher interviews before and after classroom implementation of the technology and classroom observations during technology use. Prior to data collection, a two-day technology training workshop was facilitated by the developer of the robotic equipment. In particular, teachers listened to lectures about the robotic technology, including how to direct robotic movements manually and how to program and sequence robotic movements. Minimal time was spent in hands-on activity to familiarize the teachers with the equipment. Teacher Interviews. Author 4 developed the interview protocols. The initial interviews were conducted individually to ensure that information was solely the individualís perceptions; the final interview was conducted jointly with the two teachers, as they had been team teaching with the technology. These interviews were taped and fully transcribed. The initial teacher interviews occurred after the technology training workshop, but before its use with students to gain insight into the teachersí instructional philosophy regarding the potential for technology integration. In particular, the researchers were interested in any concerns teachers had about use of the technology, perspectives on preparation for its use and its potential to influence student attitudes, connections between the technology curriculum and the schoolís mathematics and science curriculum, and insights into the potential for collaboration between the mathematics and science teachers to teach in an interdisciplinary manner. At the end of the school year, the teachers were interviewed again regarding issues related to technology implementation, specifically about their experiences with the technology, the aspects of the technology curriculum they would keep and those they would change, how students interacted with the technology, and any additional support they needed prior to further technology use.
Observations. During the time in which students were engaged with the technology, the researchers (professors of mathematics education, science education and chemical engineering) observed the classroom instruction on four separate occasions and conversed with students as they worked on topics addressed with the robotic arms as part of their normal instruction. At most, two of the researchers observed on each occasion. We spoke with the science teacher before each observation about his instructional plans for that session. After each observation, we met separately with both teachers to discuss aspects of the class session that seemed relevant to our understanding of the pedagogy, instruction and learning we had witnessed. In addition, we collected artifacts in the form of teachersí plans and assignment sheets.
Data analysis
Our analysis was carried out collaboratively. Authors 1 and 3 conducted interviews with the teachers; Author 2 transcribed the interviews. We initially viewed the interview data separately, creating tentative themes to reflect what each of us independently perceived in the data. We then met to develop and refine our themes, as guided by our research paradigm. We noted that individual themes were similar, clustered them and chose appropriate language to describe them. Interview data were triangulated with data from our observations and from teachersí planning artifacts; representative interview comments were identified to enrich our descriptions of each theme. This ongoing process of data reduction (Miles & Huberman, 1994) was finalized through our writing and rewriting of the findings sections.
The findings are organized to focus first on the professional development prior to implementation, second on initial perceptions about technology, and third on the teachersí experiences in the technologically enhanced learning environment. With each section, we include the themes that emerged through our analysis; where appropriate, we supplement interview findings with our classroom observations as students used the robotic technology. In the discussion that follows, we use the pseudonym ìJackî for the science teacher and ìDianeî for the mathematics teacher.
Teachersí reflections on technology use
The case study findings are based primarily on teachersí perspectives of technology use in instruction, and on issues and challenges they faced. As such, this information brings light to issues related to using technology to implement interdisciplinary mathematics and science instruction striving for effective ESD. Although we focus the analysis from the teachersí perspectives, we also consider the studentsí experiences through the viewpoint of their teachers.
Teachersí interactions with the technology during training
During the initial technology training, Jack was curious about the technology and impatient to manipulate the robotic arms. In contrast, Diane was hesitant about using the technology, especially with conjecturing and estimating the angle of rotation when manually moving the robotic arms. As a result, Jack operated the robotic arm while Diane observed and took notes. Jack and Dianeís different perceptions of and interactions with the robotics equipment illustrate an instance of the self in reaction to the professional development environment. Jack believed the training was overly focused on general mathematical principles and did not provide enough opportunity for hands-on work with the equipment. The teachers felt they did not have time during the workshop to consider or create possibilities that this equipment might hold for enriching or supporting their curriculum. Jack stated,
I didnít have all that much time [at the workshop] to go into the details of the program.
The technology was complex enough that the teachers needed time to familiarize themselves with and understand how the technology functioned. As Jack summed it up, I could have used it much more effectively this year if I had known how to use it. Diane added, I feel prepared to be prepared, which is not the same as being ready to implement. Thus, although the teachers had some experiences with the technology, the professional development did not include opportunities for the teachers to consider how to integrate the technology into their existing curriculum to support attempts to engage in interdisciplinary instruction.
Teachersí initial perspectives about technology use
The teacher interviews, prior to implementation, accessed teachersí perceptions about the impact of the new technology on student learning, in addition to curricula integration.
Managing management. After the initial technology training, both teachers believed that their students would react positively to the robotic technology. However, both also expressed concerns about classroom logistics related to technology use.
Linking to the content. Although Jack believed the robotic technology could supplement the science curriculum, he also noted that the technology implementation came a little late in the [academic] year for the opening section of physical science, which was tools and machines. For mathematics, Diane believed the robotic arms could reinforce concepts related to estimation, fractions and percentages, stating that estimation has generally been most problematic in our standardized scores. Further, she believed that the robotics activities could help students hone their estimation skills as they estimated the degrees of rotation, both positive and negative, to move the robotic arm to a specific location and then combined their multiple rotations to a single rotation ending in the same location. Diane elaborated:
The positive and the negative of how far it went this way, and how far it went that way ñ the abstract concept of positive and negative integers is always difficult with them and when they do it this way [with the robotic arm], they can see that if it went this far it was probably the exact negative.
Diane appeared to believe that this technology could help students visualize and make physical some of the abstractions of mathematics. Despite recognizing potential benefits of the technology, both teachers indicated that they needed more knowledge about the operation of the technology before they could use it in whole class activities.
The comments from these teachers also suggest that not enough attention was paid to how the technology could be used in an interdisciplinary manner. Both teachers were focused on the use of the technology for their respective disciplines. The lack of curricular support for interdisciplinary instruction, coupled with their unfamiliarity with the technology, made it less likely that the technology could serve as a model of education for sustainable development.
Teachersí reflections on classroom use of the technology
The interview with the teachers at the end of the school year accessed teachersí perceptions about technology implementation and curriculum development as well as any insights on issues and challenges faced when attempting to use such sophisticated technology.
Challenges of implementation. The teachers discussed the challenges of the classroom use and their attendant lack of experience. These challenges prohibited the teachers from doing all that they had hoped in terms of their studentsí development of mathematics and science concepts, although there was some progress in this area. Both teachers highlighted several challenges related to the technology use. Neither felt that their initial training was extensive enough to help them fully understand how to use the technology in the classroom. According to Jack, I could have used [the equipment] much more effectively this year if I had known how to use it. As a result of insufficient time during training and minimal support during implementation, the teachers had to learn how to operate the robotic arms, on their own, as the school term proceeded.
Impact on student attitudes. The most striking aspect of the teachersí discussion of the technology was its potential and actual influence on studentsí attitudes, particularly in terms of collaboration and motivation. Both teachers spoke of their goals with this technology as enhancing collaboration among students. They spoke even more strongly of the motivational and reward potential. In this sense, then, the technology appeared to be more powerful as a management device than as a content-learning tool.
Jack observed that students seemed to find the activities enjoyable, and that the technology had some effects on social skills, noting that the robotic arm technology gives the hands-on kids a chance to participate with the non-hands-on kidsÖ. So it was good for self-image. When Jack and Diane assigned students to work in groups, they ensured that each group was comprised of a mixture of more and less academicallysuccessful students. Jack noted the efficacy of this grouping in developing collaboration:
I would see the kids who were always in all the honors classes, and the kids who were always in the office ñ a couple of times, you could really see it, you could really see where [the lower performing students] were getting it and they were getting it as a part of a group. Jack believed that because the technology required mechanical aptitude in addition to intellectual ability, the playing field was leveled; he noted that low-performing students gained respect from higher-performing students because of their aptitude with the technology. Thus, students who were often marginalized because of academics were empowered through the use of this technology.
Building self-esteem was another aspect of the studentsí interaction with the technology that these teachers viewed as a strong possibility. Diane said that many of her students were already more adept with technology than she and could instruct others; she continued, They very rarely get called upon Ö to show anybody anything. Some of my kids who donít usually get to be the ones to come and show somebody something, I think theyíll be great with it. Jack used an example to illustrate his belief that the collaborative approach allowed the growth of self-respect:
I saw a couple of times when the girls would say you do ití because they were in a [team] competition and they wanted [their team] to win the competition, so the guy they make fun of because he wasnít as smart as they were, but was adept with the joy-stick and computer games, suddenly became their stand-up guy.
Implications related to reorientation for sustainability
Throughout this article, we have focused upon two Grade 8 teachersí efforts to integrate robotic arm technology into their curriculum. This small study is a starting point for further examining issues involved with implementing new technologies and integrating associated activities into the existing curriculum. One issue that appears key to sustained implementation is the need for well-defined activities that specifically connect to the intended curriculum, in this case using robotics to facilitate interdisciplinary instruction. Technology integration is difficult when the goal is simply to use the robotics ìbecause they are thereî. Even creative teachers experience difficulties when there is a lack of related curricular support. Teachers do not have excess instructional time during the school year, so technology needs to connect to required objectives if it is going to be implemented and integrated into the mathematics and science curricula in a meaningful way; otherwise, implementation is difficult, if not impossible. On one level, this result is not surprising. Nevertheless, curriculum developers and researchers into new technologies often fail to account for this time in a realistic manner when materials are implemented in real classrooms beyond a pilot stage. Consequently, promising changes become unsustainable in the long term, as theory collides with practice.
Although there were difficulties with integration into the existing curriculum, the technology did serve as a motivational tool. The teachers found the robotics technology motivating, and possibly supportive of their studentsí learning. Although they would have liked to use it, the teachers were constrained by time and by lack of support in developing appropriate activities that integrated the technology into their required curriculum in an interdisciplinary manner. The technology was provided by the inventor and support mechanisms were finite and inadequate. As such, sufficient time was not available to prepare the teachers to integrate the robotic technology into their teaching repertoire in an effective manner.
Jack and Diane expressed concern for student involvement during regular class work, particularly problem solving as students used pencil-and-paper techniques to compute solutions. However, there were no such problems with involvement when the robotic technology was used; students looked forward to their time with the technology. Therefore, this study supports the findings of Adams et al. (2000) , Park et al. (2002) and Guerrero et al. (2004) , indicating that technology affords an environment capable of nurturing student motivation and engagement with classroom activity. Moreover, the study echoes the theoretical stance of Grabovska (2006) that sustainable education is an integral part of teachersí development of essential skills to adapt existing instructional resources according to local contexts. Although students are clearly motivated by the use of such technology, that motivation alone is not sufficient to sustain its use.
The issues and challenges shared in this article come from just two teachers but are similar to viewpoints echoed by others teaching mathematics and science (Groff & Mouza, 2008; Guerrero, Walker & Dugdale, 2004) . Jack and Diane do offer a word of caution to university educators and curriculum developers interested in influencing change through high-powered or sophisticated technology. Such developers need to be cognizant of local contexts in order for teachers to implement changes in a sustainable manner. A one-size-fits-all approach in terms of curriculum and technology integration that is not amenable to adjustments to fit local conditions is often destined for failure (UNESCO, 2005) . In order for any new reform to be sustainable, teachers require time to work with the equipment and plan instructional activities, and they require support during implementation. That support needs to be specific to teachersí classroom practice and their local curriculum, be easily accessed and systemically sustained. This small study is a starting point for further examining ESD issues involved with implementing new technologies and integrating associated activities into the existing mathematics and science curricula to develop an interdisciplinary approach.
